RNA template-and primer-dependent preparations of RNA polymerase were purified from encephalomyocarditis virus-infected Krebs-2 cells, using a three-step chromatographic procedure. The RNA duplexunwinding activity of these preparations was investigated by two assays, using a partially double-stranded RNA template (encephalomyocarditis virus RNA annealed with a long segment of antisense transcript). Less purified preparations of the polymerase appeared to be able to efficiently displace, in an ATP-dependent and RNA elongation-dependent reaction, the antisense segment from the template. However, upon a more extensive purification, the unwinding activity of the RNA polymerase preparations was lost.
Replication of the picornavirus genome, a single-stranded RNA molecule of positive polarity about 8 kb in length, involves several virus-specific as well as host cell polypeptides (reviewed in references 12 and 17) . A round of replication includes the synthesis of a negative RNA strand on the viral positive-strand template, followed by the synthesis of daughter positive strands on the newly generated negative-stranded RNA. In this simple scheme, the replication machinery should either prevent extensive base pairing between the template and the nascent strand or contain a specific RNA duplex-unwinding activity. Otherwise, the newly synthesized negative strands would be trapped in structures unable to perform the template function. Several years ago, we reported evidence that a nucleoside triphosphate-dependent RNA duplex-unwinding (RNA helicase) mechanism was involved in the synthesis of encephalomyocarditis virus (EMCV)-specific single-stranded RNA species (5) . That study was carried out with so-called replication complexes (relatively crude preparations from the virusinfected cells) which contained endogenous template and a variety of relevant and irrelevant proteins. Obviously, this important point should be studied in more refined experimental systems.
Purified template-dependent preparations of picornavirus RNA polymerases are able to synthesize full-length complementary copies of natural and synthetic templates, provided the initiation step is secured by a synthetic primer or in some other way (3, 8, 9) . The newly synthesized strands, however, were generally found to be duplexed with the template, and this circumstance did not permit the modeling in vitro of a complete round of replication (2, 16, 18) . Indeed, the accumulation of plus strands by using an exogenous positivestranded RNA template and a purified picornavirus-specific RNA-dependent RNA polymerase, though possible in principle (11, 13) , was very inefficient.
Here, we report that partially purified template-dependent preparations of EMCV RNA polymerase were able, in an ATP-dependent reaction, to displace long complementary * Corresponding author.
polynucleotides from the template, but this ability was lost upon a more extensive purification of the enzyme.
Krebs-2 cells were infected with EMCV as described previously (4) . The procedure used to isolate the virusspecific RNA polymerase was similar to that developed for the purification of the poliovirus enzyme (15 The active fractions obtained upon a specific purification step were pooled, concentrated, dialyzed against a buffer containing 100 mM KCl, 50 mM Tris-HCl (pH 8.0), 2 mM dithiothreitol, and 50% glycerol, and stored at -70°C.
The distribution of the active material in chromatographic fractions is shown in Fig. 1 . Figure (14) .
The results were as follows (Fig. 3) . Full-length RNA species were produced, in the presence of canonical nucleoside triphosphate substrates, by the stage II enzyme irrespective of the nature of the template, single stranded (Fig.  3, lane 1 resulted in a species that was shorter than the viral RNA by slightly more than 1,000 nucleotides when the partial duplex was copied (lane 6) (remember that the 5'-terminal nucleotide of the antisense segment corresponded to nucleotide 1165 of the viral RNA). On the other hand, a more extensively purified preparation of the polymerase (stage III), irrespective of the use of ATP or AppNp, completely retained the ability to generate full-size RNA species on the single-stranded template (lanes 3 and 4) but did not appear to be able to overcome the obstacle on the partially doublestranded template, producing the truncated product (lanes 7 and 8). The results demonstrated that an RNA duplexunwinding (helicase) activity was present in partially purified EMCV RNA polymerase preparations, but it was lost upon more extensive purification of the enzyme.
This conclusion was supported by the results of the second assay, which was similar to the previous one in using the partially double-stranded template, but this time the antisense obstacle rather than the newly synthesized strand was labeled. For these experiments, the template was prepared by annealing of the EMCV RNA with excess antisense segment and then separating the unbound segment by sucrose density gradient centrifugation. Electrophoresis of the products under nondenaturing or denaturing conditions allowed us to monitor directly the displacement of the antisense segment from the viral RNA template. The stage II enzyme, when primed with oligo(U), promoted such a displacement: the prelabeled antisense segment could be detected in a free form without denaturation (Fig. 4, lane 4) [the segment displaced under these conditions did not appear to be elongated; although the reason for this observation is unknown, it may suggest that the oligo(U)-promoted priming was more efficient than the antisense segment-promoted one]. As Two main conclusions can be derived from the observations presented here: (i) partially purified EMCV RNA polymerase preparations were able to unwind RNA duplexes in an ATP-dependent reaction, thus exhibiting an RNA helicase activity; and (ii) this helicase activity did not appear to be an inherent property of the polymerase, since the polymerizing and unwinding activities could be separated from each other, or, more exactly, the polymerase could be isolated in the form that lacked the unwinding activity. Unexpectedly, the RNA duplex-unwinding activity could be demonstrated only under the conditions of RNA elongation. This fact could suggest that the helicase formed a tight complex with the polymerase. In general, the data are in line with our previous proposal that an RNA helicase activity is involved in the synthesis of picornavirus single-stranded RNA species (5) . The origin of this activity, cellular or viral, remains unknown. On the basis of some circumstantial evidence, we suggested previously that the helicase might be a cellular protein (1, 6) ; moreover, some of the results could be interpreted to mean that the unwinding activity was related to a ribosome-associated 40-kDa polypeptide (7) . On the other hand, amino acid sequence comparisons suggested that picornavirus-specific polypeptide 2C, involved in viral RNA synthesis, belongs to a family of RNA helicases (10) . Future work should elucidate which of these two notions (which are not necessarily mutually exclusive) is correct. An obvious approach, attempts to restore the unwinding activity by adding back fractions from the different stages of purification, did not give positive results in preliminary experiments.
The physiological significance of the RNA helicase activity for the replication machinery is self-evident. It seems appropriate to note that when an RNA-dependent RNA polymerase with efficient unwinding activity becomes available, it could be used not only to investigate different theoretical aspects of the viral genome replication but also to develop techniques for the amplification of diverse RNA species in vitro.
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